The study objective was to describe the associations between socioeconomic status and (concurrence of) cardiovascular risk factors. The Netherlands Monitoring Project on Cardiovascular Risk Factors is a screening project that was carried out from 1987-1991 in three cities. Crosssectional data were obtained on educational level and on the prevalence of smoking, alcohol intake, physical inactivity, obesity, hypertension, hypercholesterolaemia and low HDL-cholesterol. A total of 36 000 men and women, aged 20-59 years participated.
Introduction
In many industrialized countries, including the Netherlands, inverse associations are reported between socioeconomic status and the prevalence of and mortality from cardiovascular diseases' 1 " 71 . Possible explanations are an artefactual distortion of associations between socioeconomic status and morbidity risk 181 , or social selection by which the occurrence of disease leads to a downward drift in social class' 9101 . More importantly, socioeconomic status may affect morbidity and mortality through behavioural, social, psychological, and biological pathways (causation theory)' 1 ' 101 .
Although an inverse relationship is found between socioeconomic status and almost all cardiovascular risk factors' , in most studies these socioeconomic differences in risk factor prevalence could not explain the observed socioeconomic differences in Revision submitted 10 July 1995, and accepted 7 August 1995.
Correspondence: Henriette Smit, Department of Chronic Diseases and Environmental Epidemiology, National Institute of Public Health and Environmental Protection, P.O. Box 1, 3720 BA Bilthoven, the Netherlands. cardiovascular morbidity or mortality 12 ' 19 22] . Therefore, the available evidence indicates that socioeconomic status is an independent risk factor for cardiovascular disease. In most of these studies, however, the association between socioeconomic status and cardiovascular disease was adjusted for intermediating risk factors without taking into account the possibility of a higher prevalence of concurrence of risk factors in the lower socioeconomic groups. Concurrence of risk factors at the individual level can have a synergistic effect on the risk for cardiovascular diseases. This effect has been described for smoking, hypercholesterolaemia, and hypertension' 22 ' 231 .
In the present study we described socioeconomic differences in prevalence of individual risk factors and in concurrence of risk factors in 36 000 men and women in the Netherlands. Concurrence of risk factors refers to simultaneous presence of risk factors within one individual. Clustering of risk factors refers to a higher observed prevalence of a specific combination of risk factors than would be expected if risk factors were independent' 251 . We investigated the association between educational level and concurrence and clustering of risk factors.
Methods
The data originated from the Netherlands Monitoring Project on Cardiovascular Disease Risk Factors, a screening project that was carried out from 1987-1991. The goal of this project was to monitor levels and trends of risk factors for cardiovascular diseases. The study is approved of by the Medical Ethical Committee. Random samples of men and women, aged 20 to 59 years, were invited to participate each year in three towns in the Netherlands; Amsterdam, the capital in the west, Doetinchem in the east and Maastricht in the south. In the period 1987 to 1991, over 36000 subjects participated in the study. The overall response rate was 50% in men and 57% in women.
A non-response survey was carried out to investigate differences between respondents and nonrespondents. Therefore all persons invited for the study between August and December 1991 and who did not participate in the study (n= 1612) were asked to fill out a short questionnaire, containing questions on age, educational level, smoking, physical activity in leisure time, and height and weight. A total of 962 persons responded to this non-response survey, resulting in a response of 59-7%. Among non-respondents the proportion of men was higher, the mean age was lower, the educational level was higher, the proportion of smokers was higher (only in men), and the proportion of physically inactive and obese persons was lower compared to respondents.
All participants in the study received a questionnaire containing questions on demographic characteristics (education, occupation), presence of cardiovascular or other chronic diseases, use of drugs, physical activity, smoking, alcohol intake and dietary habits. The subjects took the questionnaire to the municipal health service, where it was checked by a trained technician for completeness and consistency. At the health service, subjects underwent a medical examination, including sampling of blood and measurement of weight, height and blood pressure. Height and weight were measured with an accuracy of 0-5 cm and 0-1 kg, respectively. The subjects were weighed without shoes after emptying their pockets, and height was measured while the subject stood upright against the wall with the feet at a 45°a ngle. Body mass index (BMI) was computed as weight. height ~2 (kg . m ~2). The systolic and diastolic blood pressure were measured twice in a sitting position, using a random zero sphygmomanometer. Total and HDL cholesterol levels were determined enzymatically in EDTA-plasma using a Boehringer testkit' 26 ' in a standardized laboratory. HDL lipoproteins were isolated by precipitation of the apo-B-containing lipoproteins with magnesium phosphotungstate' 271 . Subsequently the cholesterol content of the HDL lipoproteins was determined as described above.
Hypercholesterolaemia was defined as a total cholesterol level of 6-5 mmol. 1 ~' or more 1281 . A 'low HDL cholesterol level' as a risk factor for cardiovascular diseases was defined as 0-90 mmol. 1 ~' or less' 291 . Obesity was defined as a BMI of 30kg.m~2 or higher 1301 . According to the definition by the World Health Organization, hypertension was defined as a systolic blood pressure of 160 mmHg or higher and/or a diastolic blood pressure of 95 mmHg or higher and/or the use of antihypertensive medication' 3 ' 1 . In the analyses on smoking, the proportion of smokers and former smokers was used, as well as the number of cigarettes smoked daily. Alcohol consumption was measured as the mean number of alcoholic beverages consumed per week. It was assumed that the amount of alcohol in a glass of beer (approximately 10 g) was the same as in a glass of wine or any other alcoholic beverage. Alcohol consumption was categorized into four classes: abstainers (never drinkers and former drinkers), occasional users (less than one glass per week), light to moderate users (men: one glass a week to four glasses/day, and women: one glass a week to three glasses/day), and heavy users (men: over four glasses/day, women: over three glasses/day). The categories for physical inactivity during leisure time were: no activity, exercise for at least 4h per week, regular exercise, and heavy exercise. The first category was classified as inactive, the other three as active.
Occupation and education, as indicators of socioeconomic status, were also assessed in the questionnaire. In preliminary analyses, education was shown to be a better predictor of health than occupation. This is also observed in other studies' 32 " 34 '. Therefore only the results with education as an indicator of socioeconomic status are presented. The level of education reached was recorded at seven ordinal levels, dependent on certification and degrees: (1) Primary education or less, (2) Lower vocational education, (3) Intermediate secondary education, (4) Intermediate vocational education, (5) Higher secondary education, (6) Higher vocational education, (7) University education. Information on education was missing for 143 subjects. Data on 36 445 subjects (17 090 men and 19 355 women) were used in the analyses.
All statistical analyses were carried out using the statistical package SAS, version 607. Adjustment for age was performed, since age was associated with most of the risk factors as well as with educational level. When the associations between education and risk factors were modified by age, this is mentioned in the text. All results are presented for men and women separately.
Age-adjusted prevalence figures were estimated for each educational level, using analyses of variance, adding age in the model as a covariate. A test for trend was conducted to evaluate whether there was a significant increase or decrease in the prevalence of the risk factor with increasing educational level'
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. For the behavioural and biological risk factors, age-adjusted odds ratios were estimated for subjects in each educational level compared to subjects with the highest educational level using logistic regression analysis. The risk factors were treated as the dependent variables. Educational level (as an indicator variable) and age (as a continuous variable) were independent variables. Odds ratios for biological risk factors were also estimated after adjusting for behavioural risk factors and BMI, to investigate whether the socioeconomic differences in the prevalence of biological risk factors could be attributed to socioeconomic differences in behavioural risk factors and BMI.
To describe the association between educational level and concurrence of risk factors, the proportion of subjects with zero, one, or two or more risk factors by educational level was estimated. Under the condition of independence of the risk factors, the expected prevalence of a combination of risk factors depends upon the prevalence of the individual risk factors. Thus, the highest prevalence of a combination of two or more risk factors is expected in those educational groups with highest prevalence of the individual risk factors.
Clustering of risk factors on education level is defined as the situation where the socioeconomic differences in concurrence of two risk factors depended not only on the prevalence of the individual risk factors in each educational level, but also on socioeconomic differences in the association between two risk factors. We investigated whether concurrence of two of the three risk factors smoking, hypercholesterolaemia, and hypertension, occurred more often in the lower socioeconomic groups than can be expected under the condition of independence of these three risk factors. Loglinear modelling was used to investigate whether clustering of risk factors in educational level was significant' 361 (see appendix). A full model (M0) was specified as a starting point for the analyses, containing the risk factors (smoking, hypercholesterolaemia, and hypertension) and education (including age in 10-year categories). For comparison with the full model, a logit model (Ml) was specified containing the highest order interaction term between all risk factors (including age) as well as second order interaction terms between combinations of two risk factors and education. The fit of the logit model Ml, as compared to the full model, was evaluated using the Likelihood Ratio test. A lower order logit model (M2) was specified containing the highest order interaction term between all risk factors (including age) as well as first order interaction terms between education and individual risk factors. The fit of the logit model M2 was compared to that of the higher order logit model Ml. If model M2 was significantly different from model Ml, the second order interaction terms were entered into the model one by one to select the best fitting model. Significance of a second order interaction term was interpreted as an indication that the association between two risk factors depended upon the level of education, or in other words that the association between a risk factor and education depended upon the level of the other risk factor. The same analysis was performed with a model containing the behavioural risk factors, and with a model containing the biological risk factors.
Results
Nearly half of the study population had undergone lower education (levels 1 and 2) and about one fifth had received higher education (levels 6 and 7) ( Table 1) . The educational level of men was higher on average than that of women. Age was inversely associated with educational level. •0 >-6
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alcohol consumption. The associations in women seemed to be stronger than in men. Table 3 shows the age adjusted odds ratios for smoking, heavy alcohol intake, and inactivity of the lower educational groups compared to the highest level of education. The proportion of current smokers decreased and the proportion of former smokers increased with increasing educational level in all age groups ( Table 2 ). The average number of cigarettes per day per smoker also decreased with increasing education: male and female smokers with the lowest education smoked 18 and 16 cigarettes per day respectively compared to 14 and 12 cigarettes per day respectively among men and women in the highest educational levels (not shown).
The proportion of total abstainers from alcohol decreased with increasing level of education (Table 2) , while the proportion of light to moderate drinkers increased with increasing education '^n both men and women (not shown). Among women the proportion of heavy drinkers increased with educational level in all age groups. In the total group of men, the age-adjusted prevalence of heavy drinking was not related to educational level. In the youngest age group, however, an inverse association was observed, while in the oldest age group, a positive association was observed.
The age-adjusted prevalence of physical inactivity in men was significantly higher in men with lowest education than in all other educational groups. In women, a decrease in inactivity was observed with an increase in educational level. The decline was strongest between educational levels 1 and 2.
The age-adjusted prevalence of obesity decreased with increasing level of education. Adjustment for behavioural risk factors resulted in a slight increase of the odds ratios in men and a decrease of the odds ratios in women (Table 4) . Since body mass index was strongly related to cholesterol levels and blood pressure, the odds ratios of those risk factors were adjusted for behavioural risk factors and BMI simultaneously.
The age-adjusted prevalence of hypercholesterolaemia and low HDL-cholesterol decreased with increasing educational level, but not in all age groups. The prevalence of hypercholesterolaemia in the youngest and oldest men was independent of educational level. Adjustment for behavioural risk factors and BMI slightly lowered the odds ratios of hypercholesterolaemia, and more strongly lowered the odds ratios of low HDL-cholesterol levels.
Socioeconomic differences in hypertension were relatively small. In women the association was stronger than in men. Only men with the highest educational level had a significantly lower prevalence of hypertension than men in the other educational groups. In the youngest and oldest men, no association between socioeconomic status and hypertension was observed. Adjustment for behavioural risk factors and BMI resulted in slightly lower odds ratios.
A quarter of the men in our study possessed none of the seven risk factors, 32% had one risk factor, and 43% had two or more risk factors. Among the women, 28% had no risk factor, 38% had one risk factor and 34% had two or more risk factors. Figure 1 shows the seven educational groups. The age-adjusted prevalence of two or more risk factors was twice as high in the lowest educated group than in the highest educated group, and decreased with increasing educational level. •3 1
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'Adjusted for age. fAdjusted for age and behavioural risk factors (smoking, alcohol intake, and physical activity during leisure time). {Adjusted for age, behavioural risk factors, and Body Mass Index. Table 5 shows the distribution of the combinations of the three risk factors smoking, hypercholesterolaemia, and hypertension. The percentage of men and women with none of these risk factors increased with educational level, whereas the percentage of men and women with one, two and three risk factors all decreased with increasing educational level. Concurrence of all three risk factors was uncommon in all groups.
Loglinear analyses showed no clustering on educational level for these three risk factors. The same was found for the clustering of behavioural risk factors. In the case of biological risk factors, only in women was the association between low HDL-cholesterol levels and obesity as well as between low HDL and hypertension dependent on educational level, in the sense that both associations were significantly stronger in higher educated than in lower educated women. This finding was, however, not observed for other risk factors in women. In men, associations between risk factors were not dependent on educational level.
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Discussion
This study showed inverse associations between educational level and the prevalence of smoking, physical inactivity during leisure time, obesity, hypercholesterolaemia, low HDL-cholesterol levels, and hypertension. The association between educational level and heavy alcohol intake was positive in women, inverse in the youngest men (20-29 years) , positive in the oldest men (50-59 years) and no association was found for the men between 30 and 49 years of age. Concurrence of cardiovascular risk factors occurred more frequently in the lower educated than in the higher educated. The observation that most of the associations between risk factors did not depend upon educational level strongly suggests that the higher concurrence of risk factors among lower educational level can only be attributed to the higher prevalence of the individual risk factors.
The results of the study may have been distorted if the association between educational level and cardiovascular risk factors in non-respondents differed from that in respondents, for example due to selective participation of healthy subjects from the higher educated groups and unhealthy subjects from the lower educated groups. Although the percentage of smokers was higher among non-respondents than among respondents in every educational group, the association between educational level and smoking was not different between respondents and non-respondents. The same was observed for the association between educational level and obesity and physical inactivity. Information on biological risk factors in non-respondents was not available, but the absence of differences with respect to behavioural risk factors gives confidence that there are no socioeconomic differences in selective non-response.
The inverse associations that were observed between socioeconomic status and smoking, physical inactivity during leisure time and obesity have been reported in previous studies' 21 . Observations in Dutch studies on the association between socioeconomic status and hypercholesterolaemia, and socioeconomic status and hypertension are not consistent' 11 : in the present study an inverse association was observed, whereas studies carried out in the 1960s and 1970s, such as the Zutphen Study 1 ' 91 and the KRIS follow-up study 1371 , observed no or a positive association between socioeconomic status and blood pressure and total cholesterol levels. The results of the present study are, however, consistent with results from British, other European and American studies' 21 . This may indicate a change of these associations in time, which is supported by the finding that educational level was not associated with hypercholesterolaemia and hypertension in the oldest men, a finding also reported by Winkleby and coworkers' 141 (for cholesterol only).
The proportion of abstainers was relatively high in the lowest educational group (20% in men and 37% in women), which was partly explained by the high percentage of subjects with a Turkish and Moroccan nationality and moslem religion in this group. Among Dutch participants only, the percentage of abstainers in the lower educational groups was lower (13% in men and 32% in women), but still higher than in other educational groups. The prevalence of heavy alcohol consumption was positively related to educational level in women. In men, however, the association between socioeconomic status and heavy alcohol consumption depended on age: in younger men the prevalence of heavy consumption was inversely related to educational level, whereas in older men this association was positive. Romelsjo observed a similar interaction in a Swedish study population. His suggestion that the social pattern of alcohol consumption is changing 1381 may also be valid for the Netherlands.
The observation that the prevalence of concurrence of risk factors was higher among the lower educated is also observed in other studies in the Netherlands' 39401 . We observed a clustering on educational level of obesity and low HDL-cholesterol levels, and of hypertension and low HDL-cholesterol levels in women: both associations were stronger in higher educated women than in the lower educated women. For most combinations of risk factors, however, the associations between the two risk factors were similar for all educational levels. A low educated smoker had the same odds of being a heavy alcohol drinker as a high educated smoker. This implies that an underlying mechanism by which education may influence the associations between risk factors is not supported by our data. The observation that concurrence of risk factors was more common among the lower educated groups seems simply the result of a higher prevalence of individual risk factors in these groups. However, if two lifestyle factors are more strongly associated in the lower socioeconomic groups, for example if smokers in low socioeconomic groups had different eating and drinking habits than smokers in higher socioeconomic groups, a different prevention strategy might be needed. Results of other studies are not available on clustering of risk factors on educational level, and more research is recommended on this subject.
The causation mechanism is commonly used as an explanation for socioeconomic differences in health. This mechanism assumes that specific determinants are the intermediates in the causal chain between socioeconomic status (education) and health outcomes (cardiovascular diseases). The present study contributes to this causal theory by suggesting that cardiovascular risk factors are not equally distributed over the educational levels. Lower educational groups have a higher prevalence of single risk factors and as a result, of concurrence of risk factors. Concurrence of risk factors at the individual level can have a synergistic effect on the risk for cardiovascular diseases. Taken singly the risk factors might explain a part of the socioeconomic difference in disease incidence, but accumulated in certain population groups where they can interact, a greater part can possibly be attributed than is generally assumed.
